Abstract
Results
The numbers of participants in the underweight, standard weight, overweight and obese status groups were 24, 376, 149 and 35, respectively. The overweight and obese groups suffered significantly higher risks of hypertension and diabetes mellitus than the standard weight group. In the univariate analyses, compared with the standard weight group, the overweight group had significantly higher levels of urine citrate (mean difference [MD] = 0.51 mmol, 95% confidence interval [CI] : 0.15-0.87, P = 0.001), potassium (MD = 6.63 mmol, 95% CI: 1.13-12.14, P = 0.01) and magnesium (MD = 0.38 mmol, 95% CI: 0.08-0.69, P = 0.014). Significant increases in urine citrate (MD = 0.85 mmol, 95% CI: 0.01-1.68, P = 0.046), magnesium (MD = 0.69 mmol, 95% CI: 0.13-1.25, P = 0.016) and phosphate PLOS ONE | https://doi.org/10.1371/journal.pone.0184655 September 8, 2017
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Introduction
Overweight and obese statuses are common health problems in developed countries and some developing countries such as China. Weight gain has also been proven to associated with increased risks of several diseases, including hypertension, diabetes mellitus, coronary heart disease, etc. Additionally, previous studies have researched the relationship between body mass index (BMI) and the risk of urolithiasis in recent decades [1] [2] [3] [4] [5] . Urolithiasis is among the most common diseases of the urinary system. China is one of three main urinary stone epidemic areas in the world in which the incidence has been reported to be as high as 1% to 5% [6] . Urolithiasis is also a heavy burden disease due to its high recurrence rate [7, 8] . According to research into the mechanism of this disease, urinary stone formation is associated with multiple factors including heredity, diet, environment and metabolism.
Body weight status, as categorized according to the BMI, reflects the condition of the body's metabolism, which is expected to be related to urinary stone formation. Accordingly, the metabolic evaluation of the 24-hour urine composition, which is representative of the ionic microenvironment of the collection system, has now become an essential and important auxiliary examination for patients with urolithiasis. Therefore, previous studies have investigated the influences of overweight and obese statuses on the 24-hour urine compositions of patients with urolithiasis [5, [9] [10] [11] . However, no study yet exists that has focused on the changes in and comparisons of 24-hour urine compositions among nonstone-forming populations with different body weight statuses. Our study aimed to explore the influences of different body weight statuses on the 24-hour urine compositions of adults without urolithiasis based on a nationwide epidemiological study in the Chinese Han population.
Material and methods

Study population
This study was part of a nationwide epidemiological study of urolithiasis among adults aged 18 and older in China from May 2013 to July 2014. A total of 584 Chinese Han adults without urolithiasis from six cities from six provinces were included in this study. The six cities were as follows: Shanghai, Chongqing, Harbin, Shaoyang, Lanzhou, and Changzhi. All participants were non-incentivized volunteers. Our study was approved by the Ethics Committee of the First Affiliated Hospital of Guangzhou Medical University, China, and written informed consent was obtained from every participant.
Subjects with following features were excluded: incomplete urine samples (urine creatinine < 600 μg/24 h); serum creatinine > 133 μmol/L; urinary stones; urinary tract infection; gout; hyperthyroidism; malignancy; enterectomy history; and a history of the use of thiazide, allopurinol, vitamin supplements, potassium citrate or calcium supplements in last two weeks. All eligible participants with a free diet received a urinary tract ultrasonographic examination and a questionnaire to provide their basic information (e.g., age, gender, health history). Blood and urine samples from participants were analyzed by skillful experts using standardized protocols. The estimated creatinine clearance rate (eCCr) was calculated according to the Cockcroft-Gault equation.
Collection and analysis of 24-hour urine samples
Detailed methods of the collection and analyses of the 24-hour urine samples have been described in our previous study [12] . The main measurements of the 24-hour urine analysis included the urine volume, pH value and concentrations of urine sodium, potassium, chloride, calcium, phosphate, uric acid, magnesium, oxalate and citrate. Additionally, the ion activities of the products of calcium oxalate and calcium phosphate, expressed in terms of the AP (CaOx) index s and the AP (CaP) index s , were also calculated according to the formulas below [13] . The 24-hour urine analyses were performed in the Guangdong Key Laboratory of Urology according to standardized protocols. 
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Statistical analysis
The baseline characteristics of the standard weight group were compared with those of the underweight, overweight and obese groups. Student's t-tests were used for continuous variables, and chi-square tests were used for categorical variables. Univariate comparisons of the urinary components of the standard weight group with those of the underweight, overweight and obese groups were conducted with Student's t-tests. A multivariate logistic regression was performed to adjust for possible confounders, including age, gender, hypertension, diabetes mellitus, hyperuricemia, eCCr, serum total cholesterol, triglyceride, low-density lipoprotein (LDL) and high-density lipoprotein (HDL). Moreover, comparisons between the overweight and obese groups were also conducted. A two-sided P value < 0.05 was considered significant for the results obtained in this study. All statistical analyses were conducted with the SPSS 13.0 software.
Results
A total of 584 adults without urolithiasis were included in this study. The numbers of participants in the underweight, standard weight, overweight and obese status groups were 24, 376, 149 and 35, respectively. The baseline characteristics of all participants in the 4 groups are listed in Table 1 . Compared with the standard weight group, no significant differences were found in age or gender in the underweight, overweight or obese groups. However, eCCr increased significantly with weight gain. The overweight and obese groups had significant higher risks of hypertension and diabetes mellitus and a lower level of serum HDL. Higher serum triglyceride levels were also observed in the overweight group. The comparisons of the baseline characteristics between the overweight and obese groups are presented in Table 2 . Significantly higher risks of hypertension and diabetes mellitus were discovered in the obese group compared with the overweight group.
The univariate comparisons of the urinary components of the standard weight group with those of the underweight, overweight, obese groups are presented in in Table 3 . No significant differences were found in the 24-hour urine compositions between the standard weight and underweight groups. However, the overweight group exhibited significantly higher levels of urine citrate (mean difference [MD] = 0.51 mmol, 95% confidence interval [CI]: 0.15-0.87, P = 0.001), potassium (MD = 6.63 mmol, 95% CI: 1.13-12.14, P = 0.01) and magnesium (MD = 0.38 mmol, 95% CI: 0.08-0.69, P = 0.014) compared with the standard weight group. Significant increases in urine citrate (MD = 0.85 mmol, 95% CI: 0.01-1.68, P = 0.046), magnesium (MD = 0.69 mmol, 95% CI: 0.13-1.25, P = 0.016) and phosphate (MD = 2.28 mmol, 95% CI: 0.03-4.54, P = 0.047) were also detected in the obese group compared with the standard weight group. The univariate comparisons of the 24-hour urine compositions between the overweight and obese groups are detailed in Table 4 . No significant differences were observed in the urinary components between the overweight and obese groups. Multivariate logistic regression analyses were conducted between the standard weight group and the overweight and obese groups (Table 5) . After adjustments for age, gender, hypertension, diabetes mellitus, hyperuricemia, eCCr, serum total cholesterol, triglyceride, LDL and HDL, we observed significantly higher levels of urine potassium (odds ratio [OR] = 
Discussion
Five hundred eighty-four nonstone-forming adults from six different cities in China were included in our study. We divided all the participants into four groups according to their body weight statuses. Based on comparisons of the baseline characteristics, we concluded that the participants in the overweight and obese status groups were at significantly higher risks of hypertension and diabetes mellitus, had lower serum HDL levels, and had greater eCCr levels than those in the standard weight status groups. Univariate analyses of the urinary components indicated that the participants in the overweight status group had significantly higher levels of urine citrate, potassium and magnesium. Moreover, urine citrate, magnesium and phosphate were significantly elevated in the obese group. Comparisons between the underweight and standard weight groups revealed no significant differences, and there were also no significant differences between the overweight and obese groups. A multivariate analysis indicated that only urine potassium in the overweight group and phosphate in the obese group were significantly increased compared with the standard weight group after adjustments for all possible confounding factors. Greater BMI has already been proven to be associated with increased risks of hypertension and diabetes mellitus [15] [16] [17] . In our study, we also drew the conclusion that the participants in the overweight and obese groups were at significantly increased risks of hypertension and diabetes mellitus compared with the standard weight adults. Previous studies have investigated the influences of hypertension and diabetes mellitus on 24-hour urine compositions. Hartman et al [18] found that patients with nephrolithiasis suffering from hypertension have lower levels of urine citrate than those without hypertension based on a retrospective study that included 1115 patients. In the study by Eisner et al [19, 20] , only a significant increase in urine calcium was observed in hypertensive stone formers, and higher urinary oxalate and lower urine pH were found in stone-forming patients with type II diabetes mellitus compared with non-diabetic patients. According to these findings, hypertension and diabetes mellitus appear to be significant risk factors for urinary stones. Therefore, overweight and obese statuses, which can increase the risk of hypertension and diabetes mellitus, also probably tend to increase the risk of urolithiasis.
In our multivariate analysis, increased urine potassium was observed in the overweight adults compared with †he standard weight group after adjustments for possible confounding factors that included age, gender, hypertension, diabetes mellitus, etc. Taylor et al [21] and Eisner et al [22] also discovered that increased BMI is associated with a significant increase in urinary potassium excretion in stone formers based on a univariate analysis, although a subsequent multivariate analysis demonstrated no significant difference. Furthermore, previous studies have indicated that increased urinary potassium excretion is correlated with a decreased risk of stone formation [23] and growth [24] . Potassium depletion has also been suggested to elevate the risk of stone formation through enhanced supersaturation [25, 26] . Consequently, elevating the urine potassium level in overweight nonstone-formers seemed to be a protective factor against urolithiasis. However, it is notable that a similar increase in urine potassium was not observed in the obese adults, and the level of urine potassium exhibited no significant difference between the overweight and obese groups. Therefore, we consider that increased urinary potassium excretion in the overweight group might have been caused by some non-adjustable confounders, such as diet, because it was impossible to apply a standard and controlled diet to all the participants in our study.
Compared with the standard weight group, the non-stone formers in the obese status group exhibited a significantly higher level of urine phosphate in our multivariate analysis. This result is consistent with those of previous studies [1, 21, 22, 27] . Khand et al [28] reported a positive association between hypocitraturia and phosphaturia in first-time stone formers, and the high level of urine phosphate was thought to be one of the main risk factors for calcium urolithiasis. Gyawali et al [29] also observed a significantly higher urine phosphate level in stone formers than in nonstone formers, which indicates that increased urinary phosphate excretion might be a significant risk factor for urinary stones. Hence, our study found that obese adults without urolithiasis might suffer a greater risk of urinary stone formation than standard weight populations due to the relatively high urine phosphate level. However, potential confounders from the various diets could not be excluded.
Currently, few studies have investigated the influence of underweight status on 24-hour urine composition and the risk of urolithiasis. Our study demonstrated that, with the exception of eCCr, no significant differences were found in the baseline characteristics or 24-hour urine compositions between the underweight and standard weight nonstone formers. Thus, we suggest that no significant difference exists in the risk of urinary stone formation between underweight and standard weight populations. Moreover, in the comparisons between the overweight and obese groups, although no significant differences were detected in the 24-hour urine compositions, the higher risks of hypertension and diabetes mellitus might also increase the risk of urolithiasis among obese nonstone formers.
Some limitations of our study should be stated. Because our study is one part of a nationwide epidemiological study of urolithiasis, the dietary habits of the participants could not be controlled and likely differed widely due to the remote locations of some of the sample population. Different diets might have potentially influenced the 24-hour urine compositions but could not be adjusted for in the multivariate analysis. Furthermore, the climates and environments were also different across the included cities, and the numbers of underweight and obese participants in our study were relatively small. These factors may have introduced potential biases into our results.
Conclusions
Our study concluded that nonstone-forming adults with overweight or obese statuses were at higher risks of hypertension and diabetes mellitus than standard weight adults and thus tended to be more susceptible to urolithiasis. A positive association was observed between obese status and increased urinary phosphate excretion, which indicates a greater risk of urinary stone formation in obese patients. Additionally, no significant differences were found in the 24-hour urine compositions of the underweight and standard weight nonstone-forming adults.
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